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(57) ABSTRACT

A phase-change random access memory (PRAM) device and
a method of manufacturing the same are provided. The
PRAM device includes a semiconductor substrate in which a
switching device 1s formed, a lower electrode configured to be
tormed on the switching device and having a void formed 1n
a portion of an upper surface thereof, and a phase-change
layer configured to be formed on the lower electrode having
the void.
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PHASE-CHANGE RANDOM ACCESS
MEMORY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCES TO RELAT
APPLICATION

L1

D,

This application claims priority under 35 U.S.C. 119(a) to
Korean application number 10-2012-01353453, filed on Dec.
26, 2012, 1 the Korean Patent Office, which 1s incorporated
by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

1. Technical Field

The 1mventive concept relates to a nonvolatile memory
device, and more particularly, to a phase-change random
access memory (PRAM) device and a method of manufac-
turing the same.

2. Related Art

In recent years, as semiconductor memory devices, next-
generation devices that are nonvolatile and are not necessary
refresh have been researched with demands on high perfor-
mance and low power. The next-generation memory devices
may include PRAMs.

The PRAMSs have properties that a resistance value thereof
may be changed according to current or voltage and main-
tained as 1t 1s when the current or voltage 1s interrupted.

The PRAMSs perform a memory operation by recerving,
current from a lower electrode and heating a phase-change
material to change a resistance value. For example, when a
reset pulse 1s applied to the phase-change material, the phase-
change material 1s melted to be 1n a high resistance state, for
example, logic value “1”, and when a set pulse 1s applied to
the phase-change material, the phase-change material 1s 1n a
low resistance state, for example, logic value “0”.

However, a heating temperature of the phase-change mate-
rial constituting the PRAMSs 1s proportional to an amount of
current and thus 1t may be difficult to obtain high degree of
integration. In particular, since current required for switching
to the reset state larger than that required for switching to the
set state, 1t may be desirable to reduce the current for the
switching to the reset state 1n order to obtain high degree of
integration.

SUMMARY

One or more exemplary embodiments of the present inven-
tion are provided to a PRAM device that may improve a lower
electrode to reduce a reset current, and a method of manufac-
turing the same.

According to one aspect of an exemplary embodiment,
there 1s provided a phase-change random access memory
(PRAM) device. The PRAM device may include a semicon-
ductor substrate 1n which a switching device 1s formed, a
lower electrode configured to be formed on the switching
device and having a void formed i1n a portion of an upper
surface thereol, and a phase-change layer configured to be
formed on the lower electrode having the void.

According to another aspect of an exemplary embodiment,
there 1s provided a method of fabricating a phase-change
random access memory (PRAM) device. The method may
include providing a semiconductor substrate in which a lower
clectrode 1s formed, performing reduction treatment on an
upper surface ol the lower electrode to form a void in a portion
of the upper surface of the lower electrode, and forming a
phase-change layer on the lower electrode.
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2

These and other features, aspects, and embodiments are
described below 1n the section entitled “DETAILED

DESCRIPTION™.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and other advantages
of the subject matter of the present disclosure will be more
dearly understood from the following detailed description
taken 1n conjunction with the accompanying drawings, in
which:

FIG. 1 1s a view 1illustrating a structure of a PRAM device
according to an exemplary embodiment of the inventive con-
cept;

FIGS. 2A to 2D are views 1llustrating a method of manu-
facturing a PRAM device according to an exemplary embodi-
ment of the mventive concept;

FIGS. 3A to 3E are views illustrating a method of manu-
facturing a PRAM device according to another exemplary
embodiment of the mnventive concept; and

FIG. 4 15 a view 1illustrating change 1n a reset current of a
PRAM according to an exemplary embodiment of the mven-
tive concept.

DETAILED DESCRIPTION

Hereinatter, exemplary embodiments will be described 1n
greater detail with reference to the accompanying drawings.

Exemplary embodiments are described herein with refer-
ence to cross-sectional 1llustrations that are schematic 1llus-
trations of exemplary embodiments (and intermediate struc-
tures ). As such, variations from the shapes of the illustrations
as a result, for example, of manufacturing techniques and/or
tolerances, are to be expected. Thus, exemplary embodiments
should not be construed as limited to the particular shapes of
regions 1llustrated herein but may be to include deviations in
shapes that result, for example, from manufacturing. In the
drawings, lengths and sizes of layers and regions may be
exaggerated for clanty. Like reference numerals in the draw-
ings denote like elements. It 1s also understood that when a
layer 1s referred to as being “on’ another layer or substrate, 1t
may be directly on the other or substrate, or intervening layers
may also be present.

FIG. 1 1s a view 1llustrating a structure of a PR AM accord-
ing to an exemplary embodiment of the inventive concept.

Referring to FIG. 1, a PRAM according to an exemplary
embodiment of the inventive concept may mclude an n™ type
base region 120 formed on a semiconductor substrate 110, a
switching device 140 formed on the n™ type base region and
including an n type region 141 and a p type region 142, a
lower electrode 160 formed on the switching device 140 and
including a void; a phase-change layer 180 formed on the
lower electrode 160; and a spacer 190 formed on an outer
sidewall of the phase-change layer 180 and configured to
reduce thermal interference between cells. The reference
numerals 130, 150, and 170 denote interlayer insulating lay-
ers.

Reterring to FI1G. 1, the switching device 140 1s a PN diode
including the n type region 141 and the p type region 142, but
the switching device 140 may not be limited thereto and may
be a shottky diode. Alternatively, the switching device may be
a MOS transistor other than the diode.

The void formed 1n the lower electrode 160 may be formed
in a surface in which the lower electrode 160 1s 1n contact with
the phase-change layer 180, for example, the portion of the
upper surface of the lower electrode 160. The void includes,
for example, a number of nano (nm)-sized voids.
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The void formed 1n the upper surface of the lower electrode
160 which 1s an interfacial surface with the phase-change
layer 180 1s formed through reduction treatment and detailed

description thereof will be made with reference to FIGS. 2A
to 2D.

FIGS. 2A to 2D are views illustrating a method of manu-
facturing a PRAM device according to an exemplary embodi-
ment of the inventive concept.

As 1illustrated 1n FIG. 2A, the method manufacturing a
PRAM according to an exemplary embodiment includes pro-
viding a semiconductor substrate 110 and forming an n™ type
base region 120 by implanting n type impurities into an upper
portion of the semiconductor substrate 110. A first interlayer
insulating layer 130 including a hole 1s formed on the n™ type
base region 120 and a switching device 140 including an n
type region 141 and a p type region 142 1s formed 1n the hole.
Subsequently, a second interlayer insulating layer 150 1s
deposited and a hole H exposing an upper surface of the
switching device 140 1s formed by performing a process such
as a photolithography process.

As 1llustrated 1n FIG. 2B, a lower electrode material 1s
buried 1n the hole H and a planarization 1s performed to form
a lower electrode 160. At this time, the lower electrode mate-
rial may include titanium nitride (TiN) or titanium aluminum
nitride (T1AIN). This 1s because TiN or TiAIN contains a
carbon material and when a reducing agent for formation of a
vold V 1s permeated, the carbon material contained 1n TiN or
T1AIN reacts with the reducing agent to generate gas. The
lower electrode 160 may be formed using one or more method
selected among a chemical vapor deposition (CVD) method,
an atomic layer deposition (ALD) method, and a physical
vapor deposition (PVD).

When the reducing agent contaiming nitrogen ions (N7) or
hydrogen 10ons (H™) 1s permeated into a surface of the lower
clectrode 160 and plasma 1s generated, TiN or T1iAIN which 1s
the lower electrode material reacts with nitrogen ions or
hydrogen 1ons and thus CH, gas, for example, CH,, CH,, or
CH.,, gas 1s generated. Therefore, as 1llustrated 1n FIG. 2C, a
vold v having a nano size 1s generated in the upper surface of
the lower electrode 160. In the above description, the void 'V,
which 1s formed 1n the upper interfacial surface of the lower
clectrode 160, may be formed by permeating a reducing agent
into the lower electrode 160 and performing plasma treat-
ment. However, the void V may be formed by depositing a
nitride material on the lower electrode 160, permeating a
reducing agent into the nitride matenal, and performing
plasma treatment.

As illustrated 1n FI1G. 2C, an interlayer insulating layer 170
including a hole exposing the upper surface of the lower
clectrode 160 1s deposited on the lower electrode 160 1n
which the void V 1s formed and a spacer material 190a 1s
tormed to be buried 1n the hole. The spacer material 190a may
include nitride.

As 1llustrated 1n FI1G. 2D, the spacer material 190a 1s pat-
terned so that the spacer material 190aq remains on only an
inner sidewall of the hole formed in the third interlayer 1nsu-
lating layer 170. A phase-change material 1s deposited to be
completely buried 1n the hole and then patterned to form a
phase-change layer 180.

Subsequently, although it 1s not shown, an upper electrode
may be formed on the phase-change layer 180.

The above-described PR AM device according to an exem-
plary embodiment forms the void V in a portion of the upper
surface of the lower electrode, that 1s, a portion of an interfa-
cial surface which 1s 1n contact with the phase-change layer
180, to reduce a contact area between the lower electrode 160
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4

and the phase-change layer 180 and thus to reduce a reset
current. The void V may be formed through another method.

FIGS. 3A to 3E are views illustrating a method of manu-
facturing a PRAM according to another exemplary embodi-
ment of the mventive concept.

As 1llustrated 1n FIG. 3 A, a semiconductor substrate 110 1s
provided, and as described with reference to FIGS. 2A and
2B, a lower electrode 160 1s formed. A material for the lower
clectrode 160 may include any one of TiN and T1AIN. This 1s
because TiN or T1AIN contains a carbon material and when a
reducing agent for formation of a void V 1s permeated, the
carbon material contained i TiN or T1AIN reacts with the
reducing agent to generate gas. The lower electrode 160 may
be formed using one or more method selected from among a
chemical vapor deposition (CVD) method, an atomic layer
deposition (ALD) method, and a physical vapor deposition
(PVD).

As illustrated in FI1G. 3B, an oxide layer 165 1s deposited on
a second interlayer insulating layer 150 including the lower
clectrode 160. At this time, the oxide layer 165 may include
one or more selected from among 11,0, Ta,O4, and T10,. A
deposition height of the oxide layer 165 may be 20 A to 50 A.

When the reducing agent containing nitrogen ions or
hydrogen 10ns 1s permeated into a surface of the deposited
oxide layer 165 and plasma 1s generated, 1onized oxygen 10n,
carbon 1on, and hydrogen 10n are reacted to generate CHO_,
and a void V having a nano size 1s generated in the upper
surface ol the lower electrode 165 as 1llustrated 1n FI1G. 3C. As
described 1n the above exemplary embodiment, the void V
formed 1n the upper surface of the lower electrode 160 1s
formed by forming the oxide layer 165, permeating a reduc-
ing agent 1mnto the oxide layer, and performing plasma treat-
ment. However, the void V may be formed by depositing a
nitride material on the lower electrode 160, permeating a
reducing agent into the nitride material, and performing
plasma treatment.

As 1llustrated in FIG. 3C, the oxide layer 165 1s removed
through an etching process and an interlayer insulating layer
170 1s deposited on the lower electrode 160 1n which the void
V 1s formed. Subsequently, a hole H exposing the upper
surface of the lower electrode 160 1s formed in the third
interlayer msulating layer 170.

As 1llustrated 1n FI1G. 3D, a spacer material 1904 1s formed
to be buried in the hole formed in the third interlayer msulat-
ing layer 170. At this time, the spacer material may include
nitride.

As 1llustrated 1n FI1G. 3E, the spacer material 190q 1s pat-
terned so that the spacer material 190a remains on only an
inner sidewall of the hole formed in the third interlayer 1nsu-
lating layer 170. A phase-change material 1s deposited to be
completely buried in the hole and then patterned to form a
phase-change layer 180.

Subsequently although 1t 1s not shown, an upper electrode
may be formed on the phase-change layer 180.

FIG. 4 1s a view 1llustrating change 1n a reset current of a
PRAM according to an exemplary embodiment of the mven-
tive concept.

Referring to FIG. 4, “A” 1s a graph indicating change 1n a
reset current when the void V 1s not formed 1n the upper
surface of the lower electrode 160 and “B” 1s a graph indicat-
ing change 1n a reset current in which the void V 1s formed 1n
the upper surface of the lower electrode 160 according to an
exemplary embodiment of the inventive concept.

It may be seen from “B” that the void V i1s formed 1n the
upper surface of the lower electrode 160 1n the PRAM in
accordance with the exemplary embodiment of the inventive
concept, the contact area between the lower electrode 160 and
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the phase-change layer 180 may be reduced and thus the reset
current 1s more reduced as compared with “A”.

The above-described PRAM devices according to exem-
plary embodiments of the inventive concept may improve the
lower electrodes to reduce a contact area with the phase-
change layer 180 and thus to reduce a reset current.

The above embodiment of the present invention 1s 1llustra-
tive and not limitative. Various alternatives and equivalents
are possible. The invention 1s not limited by the embodiment
described herein. Nor 1s the invention limited to any specific
type of semiconductor device. Other additions, subtractions,
or modifications are obvious in view of the present disclosure
and are intended to fall within the scope of the appended
claims.

What 1s claimed 1s:

1. A phase-change random access memory (PRAM)
device, comprising:

a semiconductor substrate in which a switching device 1s

formed;

a lower electrode formed on the switching device and hav-
ing a plurality of voids formed in an upper surface of the
lower electrode; and

a phase-change layer formed on the lower electrode having
the voids,

wherein a contact area between the lower electrode and the
phase-change layer 1s reduced by the plurality of voids.

2. The PRAM device of claim 1, wherein the lower elec-
trode includes any one of titantum nitride (T1N) and titanium
aluminum nitride (T1AIN).

3. The PRAM device of claim 2, wherein the lower elec-
trode 1s formed using at least one method selected among a
chemical vapor deposition (CVD) method, an atomic layer
deposition (ALD) method, and a physical vapor deposition
(PVD).

4. The PRAM device of claim 3, wherein the void 1s formed
by a plasma-treated process using a reducing agent contain-
ing hydrogen 1ons or nitrogen 1ons.

5. The PRAM device of claim 4, further comprising:

a spacer formed at an outer sidewall of the phase-change

layer.

6. A method of fabricating a phase-change random access
memory (PRAM) device, the method comprising:

forming a lower electrode on a semiconductor substrate
using a reactive gas having a carbon;

performing reduction treatment on an upper surface of the
lower electrode to form a plurality of voids 1n the upper
surface of the lower electrode; and

forming a phase-change layer on the lower electrode,

wherein a contact area between the lower electrode and the
phase-change layer 1s reduced by the plurality of voids.

7. The method of claim 6, wherein the forming voids
includes:
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permeating a reducing agent into the upper surface of the
lower electrode for reacting with the carbon of the lower
electrode; and
performing plasma treatment on the upper surface of the
lower electrode 1into which the reducing agent 1s perme-
ated.
8. The method of claim 6, wherein the forming the voids
includes:
forming a metal oxide layer on the lower electrode using a
reactive gas having a carbon;
permeating a reducing agent 1nto a top of the metal oxide
layer; and
performing plasma treatment on the upper surface of the
lower electrode having the metal oxide layer into which
the reducing agent 1s permeated.
9. The method of claim 7, wherein the reducing agent
includes any one of hydrogen 1ons and nitrogen 1ons.
10. The method of claim 8, wherein the reducing agent
includes any one of hydrogen 1ons and nitrogen 10ons.
11. A phase-change random access memory (PRAM)
device, comprising:
a semiconductor substrate;
a switching device formed on the semiconductor substrate;
a lower electrode formed on the switching device and hav-
ing an upper surface of the lower electrode having a
plurality of voids; and
a phase-change layer configured to be formed on the lower
clectrode having the voids,
wherein the plurality of voids are generated by reducing of
reactive 10ons for forming the low electrode, and
wherein a contact area between the lower electrode and the
phase-change layer 1s reduced by the plurality of voids.
12. The phase-change random access memory (PRAM)
device of claim 11, wherein the voids comprise a number of
nano (nm)-sized voids.
13. A method of fabricating a phase-change random access
memory (PRAM) device, the method comprising:
providing a semiconductor substrate;
forming a lower electrode on the semiconductor substrate;
performing reduction treatment on an upper surface of the
lower electrode to form a plurality of voids 1n the upper
surface of the lower electrode; and
forming a phase-change layer on the lower electrode,
wherein the plurality of voids are generated by reducing of

reactive 10ons for forming the low electrode, and
wherein a contact area between the lower electrode and the
phase-change layer 1s reduced by the plurality of voids.
14. The method of claim 13, wherein the voids comprise a
number of nano (nm)-sized voids.
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